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$(\nu=1, \ldots, N)$ (1)
$st$ . $x_{\nu}\in X_{\nu}(x_{-\nu})$
$N$ $x\in \mathbb{R}^{n}$ $x_{\nu}\in \mathbb{R}^{n_{\nu}}(\nu=1, \ldots, N)$
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$x=(x_{1}, \ldots, x_{N})^{T}$ $(n= \sum_{\nu=1}^{N}n_{\nu})$ ,
$\nu(\nu=1, \ldots, N)$ $x$ $x_{\nu}$ $x_{-\nu}$ $x=(x_{\nu}, x_{-\nu})$
$\theta_{\nu}$ $\nu$ $X_{\nu}(x_{-\iota\ovalbox{\tt\small REJECT}})$ $\nu$
$x_{\nu}$
GNEP [3],
1 $n$ $(n\geq 2)$





$D(>0)$ : ( )
$=$ ( )
$h(>0)$ : 1
$l_{i}(>0)$ : $i(i=1, \ldots, n)$
$u_{i}(\geq l_{i})$ : $i(i=1, \ldots, n)$
$p_{i}(>0)$ : $i(i=1, \ldots, n)$ 1
$($ $p_{1}\leq p_{2}\leq\cdots\leq p_{n})$
$(>0)$ : $i(i=1, \ldots, n)$ 1
$k_{i}(>0)$ : $i(i=1, \ldots, n)$ 1
$K_{i}(>0)$ : $i(i=1, \ldots, n)$ 1
$r_{i}(l_{i}\leq r_{i}\leq u_{i})$ : $i(i=1, \ldots, n)$
( )



























$\lambda_{i}\geq 0(i=1, \ldots, n)$
(2) (2)
Karush-Kuhn-Tucker (KKT )
$\nabla_{\lambda}L_{0}(\lambda, v, w)=0$ (3)
$0\leq w\perp\lambda\geq 0$ (4)
$1- \sum_{i=1}^{n}\lambda_{i}=0$ (5)
$L_{0}( \lambda, v, w)=\sum_{i=1}^{n}(p_{i}\lambda_{i}+h\lambda_{i}^{2}/2r_{i})+v(1-\sum_{i=1}^{n}\lambda_{i})-\sum_{i=1}^{n}w_{i}\lambda_{i},$ $w=(w_{1}, \ldots, w_{n})^{T}$
$a\perp b$ $ab=0$
(3), (4)
$w_{i}=p_{i}+ \frac{h\lambda_{i}}{r_{i}}-v\geq 0(i=1, \ldots, n)$
$\lambda_{i}\geq\frac{r_{i}}{h}(v-p_{i})(i=1, \ldots, n)$
(4) $\lambda_{i}$
$\lambda_{i}=\max(0,$ $\frac{r_{i}}{h}(v-p_{i}))(i=1, \ldots, n)$
$f_{i}(v)= \max(0, r_{i}(v-p_{i})/h)$ (5) $\lambda_{i}^{*}$ $\sum_{i=1}^{n}f_{i}(v)=1$ $v^{*}$
$\lambda_{i}^{*}=\max(0, r_{i}(v^{*}-p_{i})/h)(i=1, \ldots, n)$
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$p_{1}\leq p_{2}\leq\cdots\leq p_{n}$ [4].









$\lambda_{i}^{*}=\frac{r_{i}}{r_{1}+r_{2}+\cdots+r_{n}}[1+\frac{1}{h}\sum_{j=1}^{n}r_{j}(p_{j}-p_{i})]$ $(i=1, \ldots,n)$ (8)
$i=1,$ $\ldots,$ $n$ $r_{i}\geq l_{i}>0,$ $\lambda_{i}^{*}>0$ $r$





$i(i=1, \ldots, n)$ $\Phi_{i}(r, \lambda)(i=1, \ldots, n)$
$\Phi_{i}(r, \lambda)=(p_{i}-c_{\dot{\eta}}-k_{i})\lambda_{i}D-r_{i}K_{i}(i=1, \ldots, n)$
(8) $\Phi_{i}(r, \lambda)$ $\Phi_{i}(r)$
$\Phi_{i}(r)=\frac{(p_{i}-c_{i}-.k_{i})r_{i}}{r_{1}+r_{2}+\cdot\cdot+r_{n}}[1+\frac{1}{h}\sum_{j=1}^{n}r_{j}(p_{j}-p_{i})]D-r_{i}K_{i}(i=1, \ldots, n)$
1. $p_{i}>c_{\dot{\eta}}+k_{i}$ $(i=1, \ldots, n)$
$p_{i}(i=1, \ldots, n)$ $\Phi_{i}(r)(i=1, \ldots, n)$
$\Phi_{i}(r)$ r $r^{*}=(r_{1}^{*}, \ldots, r_{n}^{*})^{T}$
$\max_{r_{i}}$
$\Phi_{i}(r_{i}, r_{-i})$
$(i=1, \ldots, n)$ (9)
$st$ . $r\in S$








$(i=1, \ldots, n)$ (10)
st. $r_{i}\in Si(r_{-i})$
1 GNEP(1) (X, $\nu,$ $N,$ $\theta$ ,





$p_{1}\leq p_{2}\leq\cdots\leq p_{n}$ $S$ $n$ $\sum_{j=1}^{n}rj$ (pi-pj) $\leq$
$h-\epsilon(i=1, \ldots, n)$ 1 $\sum_{j=1}^{n}rj(p_{n}-pj)\leq h-\epsilon$
$S$








$\nabla_{r_{i}}L_{i}(r, \mu_{i}, \alpha_{i}, \beta_{i})=0$
$0\leq\mu_{i}\perp-g(r)\geq 0$
$(i=1, \ldots, n)$ (12)
$0\leq\alpha_{i}\perp u_{i}-r_{i}\geq 0$
$0\leq\beta_{i}\perp r_{i}-l_{i}\geq 0$
$L_{i}(r, \mu_{i}, \alpha\iota, \beta_{i})=-\Phi_{i}(r)+\mu_{i}g(r)+\alpha_{i}(r_{i}-u_{i})+\beta_{i}(l_{i}-r_{i})(i=1, \ldots, n)$
$L(r, \mu, \alpha, \beta)=(\nabla_{r_{1}}L_{1}(r, \mu_{1}, \alpha_{1}, \beta_{1}), \ldots, \nabla_{r_{n}}L_{n}(r, \mu_{n}, \alpha_{n}, \beta_{n}))^{T},$ $\mu=(\mu_{1}, \ldots, \mu_{n})^{T}$ ,
$g(r)=(g(r), \ldots, g(r))^{T}\alpha=(\alpha_{1}, \ldots, \alpha_{n})^{T},$ $\beta=(\beta_{1}, \ldots, \beta_{n})^{T},$ $u=(u_{1}, \ldots, u_{n})^{T},$ $l=$
$(l_{1}, \ldots, l_{n})^{T}$ $n$ KKT (12)






$r$ $\overline{r}$ GNEP(10) $\overline{r}$
GNEP KKT (13) $(\overline{\mu}, \overline{\alpha}, \overline{\beta})$
$i$ (11) $(\overline{r}, \overline{\mu}, \overline{\alpha}, \overline{\beta})$
GNEP KKT (13) 7 GNEP(10)
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$0\leq\alpha_{i}\perp u_{i}-r_{i}\geq 0(i=1, \ldots, n)$
$0\leq\beta_{i}\perp r_{i}-l_{i}\geq 0(i=1, \ldots, n)$
$\overline{r}$ VIP(14) $\overline{r}$ VIP KKT (15)
$(\overline{\mu}, \overline{\alpha}_{1}, \ldots, \overline{\alpha}_{n}, \overline{\beta}_{1}, \ldots, \overline{\beta}_{n})$ $\sim$
$(\overline{r}, \overline{\mu}, \overline{\alpha}_{1}, \ldots, \overline{\alpha}_{n}, \overline{\beta}_{1}, \ldots, \overline{\beta}_{n})$ VIP KKT (15) $\overline{r}$ VI(14)
2. $\overline{r}$ VIP(14) $\overline{r}$ VIP KKT
(15) $(\overline{\mu}, \overline{\alpha}_{1}, \ldots, \overline{\alpha}_{n},\overline{\beta}_{1}, \ldots, \overline{\beta}_{n})$
2. GNEP KKT (13) VIP KKT (15)
$\mu=\mu_{1}=\mu_{2}=\cdots=\mu_{n}$








KKT (15) VIP(14) VIP KKT (15)
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VIP(14) $\overline{r}$ $(\overline{\mu},$ $\overline{\alpha}_{1},$ $\ldots,$ $\overline{\alpha}_{n},$ $\overline{\beta}_{1},$ $\ldots,$ $\overline{\beta}_{n})$ 2
$\overline{r}$ $(\overline{\mu},$ $\overline{\alpha},$ $\overline{\beta})$ GNEP KKT (13) GNEP(10)
[6][7].
3. VIP KKT (15) VIP(14) 2 GNEP KKT
(13) GNEP(10)
3 VIP KKT (15) VI(14) GNEP(10)
VIP











$A=(\begin{array}{llll}-\frac-\frac{\partial^{2}\Phi_{1}(r)\partial^{2}\Phi_{2}(r)\partial r_{1}^{2}}{\partial r_{1}\partial r_{2}}\cdots -\frac-\frac{\partial^{2}\Phi_{1}(r)\partial^{2}\Phi_{2}(r)\partial r_{1}\partial r_{2}}{\partial r_{2}^{2}}\cdots \cdots -\frac-\frac{\partial^{2}\Phi_{1}(r)\partial^{2}\Phi_{2}(r)\partial r_{1}\partial r_{n}}{\partial r_{2}\partial r_{n}}| | \ddots |-\frac{\partial^{2}\Phi_{n}(r)}{\partial r_{1}\partial r_{n}} -\frac{\partial^{2}\Phi_{n}(r)}{\partial r_{2}\partial r_{n}} \cdots -\frac{\partial^{2}\Phi_{n}(r)}{\partial r_{n}^{2}}\end{array})$
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$a_{ii}:=- \frac{\partial^{2}\Phi_{i}(r)}{\partial r_{i}^{2}}=\frac{2a_{i}D}{R^{3}}[1+\frac{1}{h}\sum_{k=1}^{n}r_{k}(p_{k}-p_{i})](R-r_{i})$ $(i=1, \ldots, n)$
$a_{ij}:=- \frac{\partial^{2}\Phi_{i}(r)}{\partial r_{i}\partial r_{j}}=-\frac{a_{i}D}{R^{3}}[1+\frac{1}{h}\{\sum_{k=1}^{n}r_{k}(p_{k}-p_{i})-r_{j}(p_{j}-p_{i})\}](2r_{i}-R)$
$- \frac{a_{i}(p_{j}-p_{i})D}{hR^{3}}(2r_{i}r_{j}+R^{2}-r_{j}R)$
$(i=1, \ldots, n, j=1, \ldots, n, j\neq i)$
$a_{i}=p_{i}-c_{\dot{2}}-k_{i}(i=1, \ldots, n),$ $R= \sum_{k=1}^{n}r_{k}$
$A+A^{T}$
$A+A^{T}=(\begin{array}{llll}2a_{ll} a_{12}+a_{21} \cdots a_{1n}+a_{nl}a_{12}+a_{21} 2a_{22} \cdots a_{2n}+a_{n2}| | \ddots |a_{1n}+a_{n1} a_{2n}+a_{n2} \cdots 2a_{nn}\end{array})$
4 2 $A+A^{T}$
$a_{ii}>0(i=1, \ldots, n)$ (16)
$2a_{ii}> \sum_{j\neq i}|a_{ij}+a_{ji}|(i=1, \ldots, n)$ (17)




VIP KKT (15) $r^{*}$
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VIP KKT (15) $r^{*}$ VIP
KKT (15)
$0\leq\mu\perp-g(r)\geq 0$
$0\leq\alpha_{i}\perp u_{i}-r_{i}\geq 0(i=1, \ldots, n)$ (18)
$0\leq\beta_{i}\perp r_{i}-l_{i}\geq 0(i=1, \ldots, n)$
26
Fischer-Burmeister (FB ) $\phi(a, b)=a+b-\sqrt{a^{2}+b^{2}}$
FB $\phi(a, b)=0\Leftrightarrow a\geq 0,$ $b\geq 0$ , $ab=0$ (18)
$\phi(\mu, -g(r))=0$
$\phi(\alpha_{i}, u_{i}-r_{i})=0(i=1, \ldots, n)$
$\phi(\beta_{i}, r_{i}-l_{i})=0(i=1, \ldots, n)$
$x=(r, \mu, \alpha_{1}, \ldots, \alpha_{n}, \beta_{1}, \ldots, \beta_{n})^{T}$










4 $A\searrow$ $D=1.0,$ $h=1.0,$ $\epsilon=0.001$
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1:
$c_{1}=c_{2}=c_{3}=0.3,$ $k_{1}=k_{2}=k_{3}=0.1,$ $K_{1}=K_{2}=K_{3}=0.2$ ,
$l_{1}=l_{2}=l_{3}=0.1,$ $u_{1}=u_{2}=u_{3}=2.0$




$c_{1}+k_{1}=0.4$ $(c_{2}+k_{2}, c_{3}+k_{3})$ (04,04), (05,06), (06,08)
3:
$p_{1}=p_{2}=p_{3}=1.0,$ $c_{1}=c_{2}=c_{3}=0.3,$ $k_{1}=k_{2}=k_{3}=0.1$ ,
$l_{1}=l_{2}=l_{3}=0.1,$ $u_{1}=u_{2}=u_{3}=2.0$
$K_{1}=0.2$ $(K_{2}, K_{3})$ (02,02), (025,03), (03,04)
4:
$c_{1}=c_{2}=c_{3}=0.3,$ $k_{1}=k_{2}=k_{3}=0.1,$ $K_{1}=K_{2}=K_{3}=0.2$ ,
$l_{1}=l_{2}=l_{3}=0.6,$ $u_{1}=u_{2}=u_{3}=0.9$










1 2 3 1
$\lambda_{1}^{*}$ 2 $\lambda_{2}^{*}$
3 $\lambda_{3}^{*}$
1 $r_{1}^{*}$ , 2 $r_{2}^{*}$ 3 $r_{3}^{*}$
2 2 3
1 $\lambda_{1}^{*}$ , 2 $\lambda$;
3 $\lambda_{3}^{*}$ $(c_{1}+k_{1},$ $c_{2}+$
$k_{2},$ $c_{3}+k_{3})=(0.4,0.5,0.6)$ $(c_{1}+k_{1}, c_{2}+k_{2}, c_{3}+k_{3})=(0.4,0.4,0.4)$
1 $r_{1}^{*}$ 2 $r_{2}^{*}$ , 3 $r_{3}^{*}$
$(c_{1}+k_{1}, c_{2}+k_{2}, c_{3}+k_{3})=(0.4,0.6,0.8)$
$(c_{1}+k_{1}, c_{2}+k_{2}, c_{3}+k_{3})=(0.4,0.5,0.6)$ 1 $r_{1}^{*}$ ,
2 $r_{2}^{*}$ , 3 $r_{3}^{*}$
3 2 3 1
$\lambda \mathbb{N}$ 2 $\lambda_{2}^{*}$
3 $\lambda_{3}^{*}$
$(K_{1}, K_{2}, K_{3})=(0.2,0.25,0.3)$ $(K_{1}, K_{2}, K_{3})=(02,02,02)$
1 $r_{1}^{*}$ 2 $r_{2}^{*}$ , 3 $r_{3}^{*}$
$(K_{1}, K_{2}, K_{3})=(0.2,0.3,0.4)$ $(K_{1}, K_{2}, K_{3})=(0.2,0.25,0.3)$


















$i(i=1, \ldots, n)$ $\Phi_{i}(r)$
1 $r_{i}$ $\Phi_{i}(r)$
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